The ability of native bacteria to utilize diesel fuel as the sole carbon and energy source was investigated in this research. Ten bacterial strains were isolated from the oil refinery field in Tehran, Iran. Two biodegradation experiments were performed in low and high (500 and 10000 ppm, respectively) concentration of diesel fuel for 15 days. Only two isolates were able to efficiently degrade the petroleum hydrocarbons in the first test and degraded 86.67 % and, 80.60 % of diesel fuel, respectively. The secondary experiment was performed to investigate the toxicity effect of diesel fuel at high concentration (10000 ppm). Only one strain was capable to degrade 85.20 % of diesel fuel at the same time (15 days). Phenotype and phylogeny analysis of this strain was characterized and identified as dieseldegrading bacteria, based on gram staining, biochemical tests, 16S rRNA gene sequence analysis. These results indicate that this new strain was Bacillus sp. and could be considered as Bacillus Cereus with 98 % 16 S rRNA gene sequence similarity. The results indicate that native strains have great potential for in situ remediation of diesel-contaminated soils in oil refinery sites.
INTRODUCTION
Iran is the first country in the oil-rich Middle East region to start oil operations with current production capacities of over 4 million barrels of crude oil and 80,000 m 3 /day of diesel fuel. There are up to 1,500,000 cubic meters of soil contaminated with crude oil around the Tehran refinery, Iran. Soil and ground water are often contaminated with gasoline or diesel fuel from leaking underground storage tanks and also due to accidental spills and leakage from pipelines. Due to their mobility, these compounds may cause considerable damage not only in soils, but also in water intakes or ground water reservoirs (Gallego et al., 2001) .
The carbon number of diesel oil hydrocarbons is between 11 and 25 (2000 to 4000 hydrocarbons) and the distillation range is between 180 to 380 °C (Durand et al., 1995) . Diesel oil is a complex mixture of normal, branched and cyclic alkanes and aromatic compounds with the properties of low water solubility, high adsorption coefficient and high stability of the aromatic ring (Dean et al., 2002; Kanaly and Harayama, 2002; Kropp and Fedorak, 1998; Van et al., 2003) . Therefore, diesel fuel has been considered as priority pollutants which exert bio-hazardous effects on both human and other living organisms in the environment (Kramer and Van 1990; Refaat et al., 2008; Richardson, 1996) . Fortunately, this mixture represents an excellent substrate in the study of hydrocarbon biodegradation due to its composition (Bicca et al., 1999) . Among several clean-up techniques available to remove petroleum hydrocarbons from the soil and groundwater, bioremediation processes are gaining ground due to their simplicity, higher efficiency and cost-effectiveness when compared to other technologies (Alexander 1994; Ojo, 2006) . These processes rely on the natural ability of microorganisms to carry out the mineralization of organic chemicals, leading ultimately to the formation of CO 2 , H 2 O and biomass (Duarte and Leite, 2000) . The fate of petroleum hydrocarbons in the environment is largely controlled by abiotic factors which influence rates of microbial growth and enzymatic activities that determine the rates of petroleum hydrocarbon utilization (Leahy and Archive of SID www.SID.ir Colwell, 1991; Ojo, 1995) . The persistence of petroleum pollution depends on the quantity and quality of the hydrocarbon mixture and on the properties of the affected ecosystem. Although light petroleum products, like gasoline are efficiently removed by many physio-chemical methods, heavier fuels like diesel often require other techniques because of their low volatility. Since many naturally occurring micr oor ganisms have th e ability to utilize hydrocarbons as the sole source of carbon and are widely distributed (Kor en et al., 2003) , the biodegradation of these compounds is common in nature. Bacterial degradation of petroleum has been known for over 50 years, responsible bacteria have mostly been isolated from surface areas, such as soils, petroleum storage tanks and oil spills (Huy et al., 1999) . There are numerous reports of isolation of petroleum hydrocarbon degrader bacteria from oil exposed areas (Kasai et al., 2001; Tazaki, 2005) . Biodegr adation of in dividual h ydr ocarbon compounds by pure bacterial strains has been studied extensively and metabolic pathways have been described (Heitkamp and Cerniglia, 1988; Gibson and Subramanian, 1984; Rehm and Reif 1981; Stirling and Watkinson, 1977) . The ability to isolate high numbers of certain oil-degrading microorganisms from petroleum-contaminated environment is commonly taken as evidence that these microorganisms are the active degraders of that environment (Okerentugba and Ezeronye, 2003) . However, no data exists on the findings of the diesel indigenous degrader bacterial isolates from oil refinery soils in Iran. For these reasons, the isolation and characterization of pure bacterial strains indigenous to the oil spill areas were carried out to obtain the exceptional pure bacterial strain in degrading the Iranian oil spill soils. In this study, the isolation and characterization of bacterial strains isolated from hydrocarbon-contaminated soils around the oil refinery in Tehran was investigated during the year of 2006 to 2008. The main objective of this paper is to describe the bacterial isolate strain, its ability to degrade and the genes involved in diesel degradation.
MATERIALS AND METHODS

Sampling site and enrichment cultures
The bacterial strains used in this study were isolated from petroleum hydrocarbon-contaminated soils around the oil refinery in Tehran, Iran. Five diesel oil contaminated soil samples were collected near the underground storage tanks and stored in closed containers at 4 °C prior to use. The soil samples were collected randomly from the top soil layer (30 cm in depth). After removal of surface litter, samples were passed through a 2 mm sieve and stored at 4 °C in plastic bags. The commercial diesel fuel used for enrichment and biodegradation experiments were prepared from the petroleum refinery (Tehran, Iran).
All microbial enrichment and isolation were performed in the media prepared from the following composition (g/L): NaNO 3 (7); K 2 HPO 4 (1); KH 2 PO 4 (0.5); KCl (0.1); MgSO 4 _ 7H 2 O (0.5); CaCl 2 (0.01); FeSO 4 _ 7H 2 O (0.01). The medium was supplemented with 0.05 mL of trace elements solution of the following composition (g/L): H 3 BO 3 (0.25); CuSO 4 _5H 2 O (0.5); MnSO 4 _ H 2 O (0.5); MoNa2O 4 _ H 2 O (0.06) and ZnSO 4 _ 7H 2 O (0.7) (Mercade et al., 1996) . Commercial diesel fuel was added as the sole carbon source to the autoclaved medium. The pH of the inorganic culture media was adjusted to 7.3 with either HCl or NaOH.
Diesel fuel extraction and analysis
Total petroleum hydrocarbon (TPH) was measured with an infrared (IR) analyzer. The InfraCal Model CVH InfraCal TOG/TPH Analyzer (Wilks Enterprise CO.) is designed for use with EPA Methods 413.2 and 418.1 that use freon. With the discontinued use of Freon, other infrared transparent solvents, such as a hydrocarbon-free grade of perchloroethylene, AK-225 or S-316 may be used in the extraction procedure. This is quick and easy field and laboratory analysis method for determining TPH and, oil and grease concentration levels in soil and water (EPA, 1997) . In this paper, perchloroethylene was used as an extraction solvent. TPH extraction from water was performed with the following method:
One tenth of the sample size of perchloroethylene was added to the sample collection container and then the pH of the sample was adjusted to less than 2 with 0.1 normal of hydrochloric acid. Then the result was shaken for 2 min with periodic venting to release excess pressure. After separation of phases, the solvent (lower) layer was passed from sodium sulfate (for removing water) and silica gel (for removing the polar organics). The purified extract was analyzed by infrared (IR) analyzer (Billets et al., 2001) .
Archive of SID
www.SID.ir
Isolation and purification of diesel fuel-degrading bacteria
An enrichment culture technique was used to isolate diesel-degrading bacteria. The basal mineral medium (MM) containing soil and diesel was incubated at 35 ºC with orbital shaking (120 r/min). Enrichment of microbial culture was carried out in 300 mL erlenmeyer flasks containing 100 mL of MM. The pH was adjusted to 7.3. The MM was sterilized by autoclaving (121 ºC for 20 min). The nutritive agar (NA) was used for isolation, numeration and maintenance of pure strains. The original soil sample (1 g) was added to 100 mL of MM containing 1 g of diesel fuel. At weekly intervals during the initial enrichment, transfers (1/100 v/v) were made to the same fresh medium. After six transfers, 1 mL was diluted and placed on agar plates and incubated for 48 h at 30 ºC in darkness. Ten diesel-utilizing bacteria were isolated by plating serial dilutions on NA. Cell morphology, mortality, Gram-reaction and physiological characteristics of the purified cultures were also checked by microscopic examination.
Experimental growth of bacterial strains and diesel fuel-biodegradation
All strains (TMY-1 to TMY-10) were tested for the ability to degrade diesel fuel and grow in an enrichment liquid medium. A series of 500 mL Erlenmeyer flasks were used for this experiment. Each flask contained 100 mL of 8 g/L of nutrient broth plus diesel and culture was inoculated by transferring 3 mL of pre-culture (about 3 × 108 cells/mL) of strains, and initial pH was adjusted to 7.3. All biodegradation experiments were performed in various low (500 ppm) and high (10000 ppm) concentrations of commercial diesel fuel as the sole carbon and energy source. Ten experiments were designed in a batch reactor under aerobic condition by shaking on orbital shaker (rotation speed of 120 rpm) at room temperature (28 ± 2 °C) for 15 days. For certainty, all treatments were performed in triplicate. Samples were removed periodically to assess the concentration of the petroleum hydrocarbons by IR radiation with TPH meter (EPA, 1997) and bacterial growth was monitored by viable counts on nutrient agar plates (Amund and Igiri, 1990) .
Identification of the isolate
The major physiological and biochemical tests were performed as described previously (Mata et al., 2002) . Morphological and physiological characteristics of the best isolated strain were studied either on nutrient agar or in nutrient broth. Gram reaction, motility, shape and color of colony, catalase, urease, oxidase activities, nitrate reduction, esculin, tween 20 and 80 hydrolyzes and indol productions were checked as recommended by Smibert and Krieg (1994) . Acid production from carbohydrates and sugars and utilization of carbon and nitrogen sources were evaluated as recommended by Ventosa et al. (1982) . To determine the optimum temperature and pH for the growth of the strain, the cultures were incubated at a temperature range of 5-55 °C with intervals of 5 °C and pH values of 5-11. pH values below and above 6 were adjusted by sodium acetate and Tris-HCl buffer, respectively.
Analyses of 16S rRNA sequences
Genomic DNA of the isolate was extracted with a GenElute DNA extraction kit from Sigma. The 16S rRNA gene of isolate was amplified using the universal primers 8F (5′-AGAGTTTGATCCTGGCTCAG) and 1541R (50-AAGGAGGTGATCCAGCCGCA-3′). The amplification was done by initial denaturation at 95 °C for 5 min followed by 10 cycles of 93 °C for 1 min, 63 °C for 1 min, 71 °C for 1.5 min; 20 cycles of 93 °C for 1 min, 67 °C for 1 min, 71 °C for 2 min and final extension at 71°C
for 5 min. The purified PCR product was sequenced in both directions using an automated sequencer by SeqLab Laboratory (Germany). The phylogenic relationship of the isolate was determined by comparing the sequencing data with sequences of some members of the genus bacillus available through the GenBank database of the National Center for Biotechnology Information. The gene sequences of each isolate obtained in this study were compared with known 16s rRNA gene sequences in the GenBank database.
RESULTS AND DISCUSSION
Soil analysis
The characteristics of the soil are presented in Table  1 . The soil classification was sandy clay.
Isolation of diesel-utilizing bacteria
Ten strains of diesel-utilizing bacteria (TMY-1 to TMY-10) were isolated from petroleum contaminatedarea obtained at three sites in the Tehran oil refinery, Iran. The first experiment was carried out for determination of the ability of these strains on biodegradation of commercial diesel fuel at the concentration of 500 ppm in an enrichment liquid Archive of SID www.SID.ir medium. The laboratory experiment was designed in a batch reactor under aerobic condition by shaking on orbital shaker (rotation speed of 120 rpm) at room temperature (25 °C) and initial pH was adjusted to 7.3. The results of IR analyses of TPH shows that the addition of all bacteria strains enhance degradation of diesel fuel compared to the sample that was not supplemented with any bacteria strain. All strains were able to grow and degrade diesel oil between 56.41 to 86.67 % (Fig. 1) . The selection of candidate bacteria from ten strains isolated from the first stage efficiently was possible. The most significant reduction was seen when the media was inoculated with strain TMY-2 and TMY-3. The highest reduction by TMY-2 and TMY-3 was 86.67 % and, 80.60 %, respectively. The biodegradation of diesel oil by all strains became very efficient during five-first days of inoculation; however efficiency was low until the fifteenth day. Two preselected efficient bacteria (TMY-2 and TMY-3) were able to grow well using diesel as the sole source of carbon. Among them, strain TMY-2 was the most efficient in degrading diesel. Two bacteria were streaked again onto fresh diesel-containing agar plates and nutrient agar plates to ensure purity. This experiment was performed to investigate the toxicity effect of the diesel fuel at high concentrations. Two pre-culture (about 10 7 to 10 8 cells/mL) efficient strains TMY-2 and TMY-3, selected at the first stage, were transferred at high concentration of commercial diesel fuel as the sole carbon and energy source (10000 ppm). The results of this evaluation are shown in Fig. 2 . In this experiment, the biodegradation efficiency of TMY-2 and TMY-3 was obtained between 85.20 % and 46.70 %, respectively. The TMY-2 reached the peak value after five days of inoculation and was remained constant until the end of the experiment (Day 15), until the fifteenth day, reaching the final biodegradation efficiency of 85.20 %. The total viable microbial population of TMY-2 and TMY-3 strains during biodegradation of commercial diesel fuel is presented in Fig. 3 . Total viable counts of the TMY-2 (5.00 × 107 cfu) were much higher than the 8.00 × 106 cfu TMY-3 strain. After adding two strains, TMY-2 and TMY-3, unlike the TMY-3, the microbial population of TMY-2 immediately stimulated degraded diesel fuel accompanied by significant TPH degradation (Fig. 2) , indicating that the TMY-2 strain utilized a portion of the C supplied by the diesel fuel as a potential nutrient source. Increases in microbial population of TMY-2 corresponded to decreases in TPH concentration during the same time period ( Figs. 1 and 3) . As shown in these Figs, the most significant reduction of diesel fuel was seen with TMY-2 strain. Isolates TMY-2 was gram-positive, motile, facultative/ aerobic rods which grew at room temperature. According to the morphological and biochemical properties, strains TMY-2 was tentatively classified as Bacillus sp. Partial sequencing of 16S rRNA indicated that TMY-2 was a strain of Bacillus. Comparison of the 16S rRNA sequences of TMY-2 with those in the GenBank databases revealed a consistently high similarity (more than 98 % similarity) with species of B.cereus and B.thuringiensis. Many studies on contaminated soils undergoing bioremediation were approved by Pseudomonas spp., but very few papers were reported on the roles of Bacillus sp. in hydrocarbon bioremediation. There are several reports of bioremediation of pollutants by the action of Bacillus sp. occurring in extreme environments. For example; 368 isolates belonging to the genus Bacillus were isolated from desert samples (Sorkhoh et al., 1993) . Two strains of Bacillus degraded 80-89 % of crude oil (5 g/L) within five days at 60 °C. In addition, Ijah and Antai (2003) reported Bacillus sp. being the predominant isolates of all the crude oil utilizing bacteria characterized from highly polluted soil samples (30 % and 40 % crude oil). When five soil isolates were compared, it was seen that one Bacillus sp. COU-28 was the best oil degrader compared to isolates belonging to Micrococcus varians, P. aeruginosa, Vibrio sp. and Alcaligenes sp. (Ijah and Antai, 2003) . Thereupon, Bacillus species are more tolerant to high levels of hydrocarbons due to their resistant endospores.
Bacterial identification
According to The Bergey's manual of systematic Archive of SID www.SID.ir bacteriology and considering the physiological and biochemical tests performed, the strain was tentatively named as Bacillus sp. strain TMY-2. To confirm the identity of the isolate, PCR amplification and sequencing of the 16S rRNA gene were done. Dendrogram (Fig. 4) showing phylogenetic relationships derived from 16S rRNA gene sequence analysis of strain TMY-2 with respect to Bacillus species with validly published names. The tree was constructed using the neighbour-joining (Felsenstein, 1993) . Among the described sub species, the closest relative of isolate TMY-2 was Bacillus cereus. The strain TMY-2 was a spore-forming Gram-positive rod shaped, facultative anaerobic bacterium, which was motile by means of one or two subpolar flagella. This strain grew well at various concentrations of NaCl ranging from 0 up to 9 % (w/v). The optimum growth was at 1 % (w/v) NaCl. The strain TMY-2 grew between 10 and 50 °C, with the optimum growth about 32-35 °C and in a wide range of pH (5.0-11.0) with the optimum growth at initial pH values of 7.0-7.5. Colonies were smooth, circular, white-cream, entire, opaque and approximately 2 mm in diameter after 2 days at 34 °C on nutrient agar. Other characteristics that differentiate strain TMY-2 from related species are shown in Table 2 .
Identification of strains TMY-2
To verify identification of TMY-2 as B. cereus or B. thuringiensis, this strain was characterized with phenotypic analysis. Strains TMY-2 was positive for catalase, oxidase, positive for urease and the Voges-Proskauer reaction and did not hydrolyze starch and tween 80. The details of other morphological and physiological characteristics are summarized in Table 2 . Bacillus cereus and Bacillus spp. are widely distributed in nature (Drobniewski, 1993) . Species of the genus Bacillus are rods, which sporulate in aerobic conditions. The endospores are resistant to heat, dehydration, or other physical and chemical stresses.
CONCLUSION
Degradation of hydrocarbons by environmental microflorae involves microorganisms having specialized metabolic capacities. In polluted environments, specialized microorganisms are abundant because of the adaptation of the microflorae to pollutant. It has also been shown that bacteria are the most predominant microorganism among other microorganisms in either in situ or ex situ bioremediation processes, indicating that bacteria are the main agents responsible for the degradation of diesel fuel.
This paper describes the first study on the isolation and characterization of commercial diesel-degrading bacterium from Iranian soils. Strain TMY-2 is a potential candidate for bioremediation of diesel fuel-contaminated sites. This efficiently degrading strain was characterized and identified as bacillus cereus or B. thuringiensis (more than 98 % similarity). The use of native bacterial consortium with diesel utilizing capabilities as seed onto oilcontaminated environment could prove a more environmentally-friendly approach to bioremediation which would run enhance sustainable development rather than the use of exotic bacterial strains and chemicals.
